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(57) Abstract: A fluorescent probe represented by the following 
formula (I): (I) wherein R 1 and R 2 each represents hydrogen, a sub- 
stituent for trapping a proton, metal ion, or active oxygen species, 
etc.; R 3 represents a monovalent substituent; R 4 and R 5 each rep- 
resents hydrogen or halogeno; and R 6 represents hydrogen, alkyl- 
carbonyl, or alky lcarbonyloxy methyl; provided that R l , R 2 , and R 3 
are selected in such a combination that (1) before the trapping of, 
e.g., a proton, R l , R 2 , and R 3 give a substantially high electron den- 
sity to the benzene ring to which they are bonded, in order that the 
compound represented by the formula (I) be substantially nonfluo- 
rescent and that (2) after the trapping of, e.g., a proton, R l , R 2 , and 
R 3 substantially reduce the electron density of the benzene ring to 
which they are bonded, in order that the compound resulting from 
the trapping and derived from the compound represented by the formula (I) be substantially highly fluorescent. The fluorescent 
probe has excellent fluorescent properties. 
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m f® m 

v^c mz.tt. -mkmm<D%%>7v-7 mmw- 10-226688 m^it 

(H^&§§ WO 01/62755) ft ¥(DW£\zMm £ tVtV^5 0 

ai^^/^n >f3i£ft:l^Jfc«{£< ft<5fc«K ^<D;&/nj^>/i^te:7/M- 
VHrf ^tf^fta £: LTO^ttMfiJ^^foi^x.fetvXtfc (Lindqvist, L., 
etal., J. Chem. Phys. , 44, 1711-12, 1966)„ £ 5 ftSE^b. ££*Sfg 
$^TV>57/^^^^f|#^l?r47/V^^^^(0^^i4^«ftt3ftV>^ 

L fc<ffc£#j (5 i Ay i?*n b tuT V % ft V 
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)VJr ^\z.&ttZ>% >vi?s* i/frm<D®M ft^Wr ^nt^<W vM&ofik 

-fftfr^ #3§PJtex m^^n-^T-fcoTs TfB©5$ (I) : 




(I) 
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■ 

R\ &tfR 3 ©m#-#*H2:tt 

(1) ±157*0 MJ*^ XfimttS^fltoif&fcfflirfcttx 5fc (I) 

§©|c+^*@SH4^#T(J:*3V>T> JifBT'nh^ XttS^^ffi 

±t? fe ■? x ^oiiii (cg^ >-t? y at ©iMbrntta* o . 2 0V ^i^p-f 5 ±!E 
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b m ii fi z> ± b © ibfc ^ a - -? ft $ 5 o 

^n-ytifcoT, R^tfR'O^^^XttW^tfTIB©^ (A) : 



(^«t>, X\ X 2 , X s , S.t^X 4 «^tL^tlM^7kSJS^ T/Mr/Vg, 2- 



(5** % R 7 < S.t/R 8 «^tb j ett^ia:fcC 1 _ 4 Tyv^SX«T y Sr^-t") 

5V^iR 1 &tfR 2 as;EVM;L^-£-LT7 0 n hV, ^JR^T*-^ ^ L < ttfiH4SUff« 

* 



X 1 — N 




J n 



(A) 
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R\ R\ 5.t^R 3 Oiia^^t LTx 

(2) ±157^ AJW*^ Xttl8fttlfc3Wi©JiWMI»i:ttx ^ (I) 

$tm\sitffimfc Uk&®H~8) fcov^, &\k&m<oik%-& : ?-W$b pet F 
|3lft, P ET©ftfcfeHXt57/v*w-fe^ ^K:ov>r PET K?-Hfcfc*# 

B 4 M 5 t?#6> tUfcft**© NaCl Xtt CaCl 2 <D^##l$ft3bfc*^ 

h /V<£ » & ^ U fc 0 "C 5 o 

$6@tt, pH #J 7 •C#fe*lfcfls£"*>fc Sodium Green, 
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tetra (tetramethylammonium)salt <0^%^^<D^i^7^ LfcHI~C$>5 0 

*&mK£*>vk&£M&, (i) -zm.$tiz> i §k%7v-zrn, vy, &m 
<DTfr$y±m&&<{*-** j*<<*y s % z&mtfzzt 

RTfxs*>-***y Ft£k*Zm?Z>Z.ttfX*%5> 0 both, mfett&mZZft 
tf>B&£##&L-CV>5 (5$ (I) K&l^TR 1 ^ R 2 T^£;ft,5;a^ Hlo 

ra^m m^- t> *> 5 ) o 

5£ (I) ^SftMb"^!-^^ R^tfR 2 ^ Lrrtfl6*35»fe^n h^. 

\<^m&vx-$kmm:zmi8,Lxzfv ^y s ^m-f^-y, %v<\*mmkmm*ffi 
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10-226688 #&#U WO 99/51586, ftBfl 2000-239272 

WO 01/62755 fcif&#Ra-r££i#-et5. *H a ?^n-^ttO 
•ft $ xi if (Handbook of Fluorescent Probes and Research Chemicals, Sixth 
edition) tf>^22* A-f $Tl/, R 

XmO^m^f ^ ^23^ (pH'fS'^-f XtFJ|24$ (^M^A 



X 2 

x 1 -n-[ch 2 -ch 2 -n] 1s -4ch2-ch2-n 



n (A) 



X 3 x 4 



(5$*, x 1 , x\ x 3 , Rvx 4 tezti?tm±K7kmm s f; t 2- 
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fc#SK:ffi&1-5o ffi#&-r *>mfeft (Dik%-7* -^-e«R 1 R 2 vvf ;ft,a> 

£tf>4§3\ X\ X 2 , X\ S.U ? X 4 ^2-fy ^;V^^St?fo§-t^$f^L 

^ (b) x>m-t$foz>nwM - 



( 5£ cfa , R 7 R 8 ft * ti €MSl St C ! _ 4 T /v 3r A^X J* T V '-/US *r* 1") 
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s e c-T^vv^ -i t e r t '✓^f^nWf^ 

& n — 'V?vV^ n-^*V/?£&££W5 5, #H*ll#fc*5 
V>T^n^>-^iV>5^a-}C«, 7 yll^ , &SfIi§Ci\ £Sf®-?\ X»3!7 

» 

ct T 9 T << ~7 ' ^"A— 7"-* "<V' $ — #~ v9 ' 9 y y~t *y?> (Protective Groups 
in Organic Synthesis), ?]) — s y (T. W. Greene) ' 74 V*~ 'TV 

K • f-VX • 4 y=t—tfV4TV K (John Wiley & Sons, Inc. ) (1981 ^) ft 

^tiht^^i-^^y^yn^MW^M^n^^^^^^m^M 

■ 
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icfe (B3LYP/6-31G(d)) \Z. £ *} - t #T?t 5 0 R 1 5.t^R 2 £ ITS, 

L>"C«><5o 

fimsttt *>0 , &^^m<DmknMt& 1.40 v&jb-e 

&^7fcte"Cfc 0 , R^^if ^©SMMttitf* 1 • 7 0 v X *) t>** v>»«g-tt£5t 

R\ R\ R 3 £L-Ctt, 0H*.HT. R 8 ***!**©*^ 

»-c*> ^ x RTfmfett&®<Dffi&'&<Dm^>^m<Dmkmm i 1.40 ^±-e 

L<ttO. 3 0 V^±, «fc»?0;£L<tiO. 3 5VJ£JLh, #fc»*b<H:0. 4 
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ISO. 3 0V»±ii*1"*»*^*^*F*U\w©J;5*iWt*#i Uli, 

pH4. O^T, #£L<tepH3. 4©*frSraffi-C#5. 

ftl Efi PET (Photoinduced Electron Transfer : ftWIMM^&W}) <£ 9 

T*t5 0 P E T i tt**ll!*0 1 oo*jStfc 5 , ®jB3teflBJ*fcJ: 1 

^•fc (pet — ) frt>m*®mmz , %ftmm*&z z> t ^ 5 fc^-e&So 

?^3fci-5lf|5<fi:-efc6^^^W (PETKt-) fc$HMLTJ&;fc5i, 
i?y||l©BMfc«(fca s <6V* (tfti3t»tfW*<, HOMOx^-^i|VN) 

PETia 9 ^fyfyiA^cS^^Dtts. 

-CtSo »S^*©Jll«t»K:W:PETl!:J;iJ«*355«*UTj89s III 

j£:ttfeto©J*l£fc K: tt^Kft P E T c * v % J: 5 a Z> - 
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t> % ±fB<£>:£ (B) X*m&ti%Bi1&®&<om : *%&&l%iibZ>Zbte£<>Xs -m 

(a) ±1B5£ (I) ^*g*u*fc^£ffl£^tti:KJ&£*<5I6* (b) 
±|BI© (a) ^^Lfc'^b#4^J©m3feS:^Ba^t*5MS^"&A/•CV^5. 
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LV\ t.tc, 5£ (I) \^&^XR 6 ftC l _ 12 T)V*;v%;\siS~;v&Xtt.T± h*r 

jv*>wm., *s~vm&, tx-ismm., m^m&tezommm&tezzmifzz. 

kfrX-%, ^by^A^ N *V*7J»&, $;W}J*m.. t 

* 



R 11 




(II) 
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^/V^-^i/^^yV^^-r) -C^^tb^o R 11 t UT«7k^JS^ C 1 _ 4 T/V=3r 

< N 7«^vasXtt^>^va6^J;t)»*bV\ R'\ R 14 > S.0R 1S H:7K^ 
R n iR 12 ©-^Mf;vS, h^g-C&tK R x \ R 14 £.tfR 16 

aj-cfca-fb^flK &>5 v^r 1 x s.t^r 1 2 a* i t>t->< ^/v^-cfcafls^ttintev^ 

pHfcfc©H£K:03i , e*>S. SfefcR^tfT^A'SXttT-fe SOLA'S 

©H«Jfc:RS££*i5- k\t^\/\ 

m 1 = fls£-«3©£-$ 
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df-ifV h^SrP roc. Indian. Acad. Sci. Sect. A., 5 
7, 2 80 (1 9 6 3) KfBic£ftfc;fr8n?-£j£U %btltc*V^ h (t 
e r t (^fyby-TBDMS) £ bfc ( J . 

Biol. Che m., 26 4, 1 4, 8171(198 9))„ £ < f&flfc $ 
Mg 109 mg(4. 5 0 mmo 1 ) &A*l> X^JK^y-C^JE^L^^fe 2 5 
0tt?18 0^PWig#tfc. ttffi&s T/V^Wtmct^ 2-7** Y;V 
cx^ 7 7 mg(0. 45 mmo DWlfcTHF 2mll^lTJBt, 

^fyfy-TBDMS.13 7 mg(0.3 00mmo l)?rI§LfcTHF 2 
mll^UHt 1 0#K»#Lfc. SMI- 2 N HC 1 10ml 

•CUfe^U"Cfti*bJt&iaflcSr#fc (8 7 mg, fc*9 6%). 

'H-NMR (300MHz, DMS0) 5 2.00 (3H, s), 7.01 (2H, d, J=9.15Hz), 7.10 (2H, 

s), 7.21 (2H, d, J=9. 15Hz), 7.31 (1H, d, J=7.14Hz), 7.52 (3H, m) 

MS (El) 302 (M*) 

tt&®2 

'H-NMR (300MHz, DMS0) 5 1.97 (3H, s), 2.42 (3H, s), 7.01 (2H, d, J=9. 15Hz), 
7. 10 (2H, s), 7.21 (4H, m), 7.34 (1H, s) 
MS (El) 316 (If) 

'H-NMR (300MHz, DMS0) 5 1.95 (3H, s), 2.35 (3H, s), 6.99 (2H, d, J=9. 15Hz), 
7.05(2H, s), 7.12 (1H, s), 7.21 (2H, d, J=9.15Hz), 7.39 (2H, m) 
MS (El) 316 (M*) 

tt&m 4 

'H-NMR (300MHz, DMS0) 5 3.70(3H, s), 7.02 (2H, d, J=9.20Hz), 7.08 (2H, 
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s), 7.23(2H, t, J=7. 50Hz), 7.34 (4H, m), 7.68 (1H, m) 
MS (El) 318 (JO 

'H-NMR (300MHz, DMSO) 5 1.98 (3H, s), 3.86 (3H, s), 6.96 (2H, d, J=9;15Hz), 
7.03 (3H, m), 7.10 (1H, s), 7.23 (1H, d, J=8.22Hz), 7.28 (2H, d, J=9. 15Hz) 
MS (El) 332 0t) 

J H-NMR (300MHz, DMSO) 8 2.33 (3H, s), 3.66 (3H, s), 7.07 (2H, d, J=9. 15Hz), 
7.14 (3H, m), 7.26 (1H, d, J=8.88Hz), 7.42 (1H, d, J=9. 15Hz), 7.48 (1H, d, 
J=8. 88Hz) 
MS (El) 332 (M*) 
7 

J H-NMR (300MHz, DMSO) 5 3.70 (3H, s), 3.91 (3H, s), 6.83 (1H, d, J=8.43Hz), 
6.89 (1H, s), 7.06 (2H, d, J=9.36Hz), 7.12 (2H, s), 7.26 (1H, d, J=8.43Hz), 
7.47 (2H, d, J=9.36Hz) 
MS (El) 348 (M*) 

'H-NMR (300MHz, DMSO) 5 3.64(3H, s), 3.76 (3H, s), 6.96 (1H, s), 7.04 (2H, 
d, J=9. 15Hz), 7.10 (2H, s), 7.23 (1H, d, J=9. 15Hz), 7.30 (1H, d, J=9. 15Hz), 
7.23 (2H, d, J=9. 15Hz) 
MS (El) 348 (M*) 

f!|2 



19 



WO 2004/005917 



PCT/JP2003/008585 



!K Z<D$fcl*ttM{tW$L&l. 0 0V#T-m«B:&&#fc*!K 1. 4 0V 
5K:^oTl;^JW©^#ji.k*lfco pH 3. 4 <P»&#T-?tt, 

1.40 vaTtttliffiWife *K 1 . 70 V &.±-vte3frU&&mt 
0. 3©£ft«rJ5Lfc. fc*3, pH 3. 4T'H:=arf->7 i ^©OHSliyt3 

* 

$3 

|^©^Vfy»©HOMOx^;Vd?-^^iH«(B 3 LYP/6- 

tr#8s**ttr 5 - t # So 
#|4 

PET(Photoinduced Electron Transfer: % 

iBKfc (PET — ) ^bW^ft^jfit, «t3te?H3fe^je* 5iv>5 t>©^?Jfe5. 

V^ ("fftfrlbS^^i^, ^Wt^rfHOMO^/l^— &~&^) tPET 

\z£y>*V>7*&X<ofk%:tfffifttZo JINK MM^^^w-fe-r^wXiH 
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W LT %gf-f 5 V\ PET yv^- Ix-fe-r ^ & 2 o 

;pf LT wc «fc v>) -iMb&* £ ©l^iSft fiffl£JB£«r E&fcJfcl-S i 
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« 

^f-^f^ilr Proc. Indian. Acad. Sci. Sect. A., 57, 280 (1963) fciBi££ 
ftfc#gn?-a7£U ifenm^bVfci? (tert -:/^i^?vl^lJ/V) 
ftHfr^t^h^-TBDMS) £ Lfc(J. Biol. Chem. , 264, 14, 8171(1989)) 0 

4- 7* *f~J\''ft 7~ 3 ' — i\s 3.5 g (28 mraoDS: 100 mL <£^? a p } ^ ^fc^^LT 
-10 < C~0°C©^«±(-T^L, Il5g (31 mmol)<£>20 raL^aa^^y 

mQTx^swiswtTk&m, mam^i- h v t? Atom (#100 mD -e&v\ « 

i;An- b^SPW^^fc^ 3 ^^^ 4-;/p^-5-^3vl'#7^-/v 1.0 
g(4.9 mraolK T Yy^^WW ;V $?-p- h V— b 2.5 g (5.0 mmolK 
7y-fb-fe^^A 5 g (33 mmolK 7-feh~hy/V 100 mL £V\iv T7V^^#S 

^Tt9ot:-e 2o^wiiitfc„ £j&«e«:«ffiS*u 

4-^0^-5-^ ?7W<:/>M6-* 9 # y-6-a:— 7VV 1. 9 g £#fco NH l)>f)\> 
*7A^nvf^77^ (^WiM:^^^/^ * / -/W20/1 (v/v) ) T^SSl 
L-Cefe@fr*#fc(0.60 g, W34%) 

T;v=r^#ffl^T"Ci < lftftL;fc:~£=i/w«yfc: 15 mL © 2-^ tvi^ b y fc K 

d 7 7 ^fcl&fl? L/c 4-7*13^-5-^ =}-)\"<l/V-Vc>-9 y $ yvl' 150 mg 

(0. 415mmol) Sr «#4*/-f 7^>-* >1£*^-150r(£Tm# Lfc„ 1. 54 
M © t-7*?vw; * A/n-^^^^aSW 1 mL(l.54 mraol)&#o< •? t^TLrt 0 
30 ^#Lfc^ % 3 mL 2-^WF7t Kd^^^^fifbfc^^ Y>- 
TBDMS 190 mg (0.416 mmol)£#o< «5^Tbfc„ 1 ftfflfcW LtzM, 2N M. 
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t*7A^nvb^7 7>{>- (ifflti: i^^ o D ^ ^ y/^ ^ / -;V=15/1 (v/v) ) 

1 H-NMR(CDCI 3 , 300MHz) 
A-1.95ppm (s,3H,a) 

3.8-4.2 (m,16H,b) 

6.66 (s,1H,c) 

6.86 (s,1H,d) 

6.91 (dd,2H,e,Jef=1.92) 

7.05 (d,2H,f) 

7.31 (d,2H,g,Jeg=9.24) 
MS(FAB) 492(MH + ) 

±lB©F!l5T*#bHfc{b^©«S^WSrS!J£bfc 0 iU^tt F-4500 («c5* 
^ K(0. 03%) ^*»«Ei LT NaCl Xtt CaCl, Sr&fe pH9 "?fcU£Lfc 0 



1 



ft £ 


Ca 2 * 


Na + 


3M 


0. 295 


0. 043 


0. 1M 


0.02 


0. 03 



0>J 5 (Dft&m (&ft& 0. 5 n M) <DvM ^/JvVA T 5 NaCl XHt CaCl 2 
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2,7- ^ o n * t V h y /. CAea. Sci. &mk#, 3982 (1955) „ 
A-oc. J/jrfza/j. i4carf Sci. Sec*. A , 57, 280 (1963) RTf J. Biol. Chem. , 264, 14, 8171 
(1989) KBW. £ tl1t£&-Z&J& U %hfl1t 2, 1- 9 J9 P P h y £v> (tert- 

-f+frV* y /W) (2, 7-v^ no^rtyhy-TBDMS) £ Ufc 0 

T/v=^y#B^T©i < ftjftLfc— SS^/w^K: 15mL © 2-^ f;wf h7t K 
n77y|:^l!?lfc 4-^0^-5-^ fvw-^y-15-^ 7 17 v-5-^— r/V 150 mg 

(0. 415 mmol) SrAft. *friE*/>f V ^m c P'C^J-150 < C{clT^Ly t c o 
1.54M© t-^/vy^^^/n-^i/^y^lmL (1. 54mmol) £r#o < «? iiTU 
fc. 30#}t#Lfc&, 3mL(D2-^f;Vfh7t Kn77y*tfc2,7-i?^n 
P^-fyhy-TBDMS 190mg (0. 416mmol) < 9 £?&TLfc 0 1 P#Wit# 

LfcSL 2N mm&B%i*tox. 80tf 1 R#B8MLfc 0 K£««r*ffi»*U 2ft 
S5r^nn^^y(»U 2N^7K^T?l5fc^U7t.M*am^ b U 

•7h^77^- (^tli^ :^no^ V/* 9 J -A>= 7 /\ (v/v)) \Z.xm$k U. 
TJF^Ofc^fciMte©*^ ****** hxn± 0 
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1 H-NMR(CDC|3,300MHz) 
A=1.94ppm (s,3H,a) 
3.6-4.2 (m,16H,b) 
6.26 (s,2H,c) 
6.81 (s,2H,d) 
6.84 (s,1H,e) 
7.04 (s,1H,f) 
MS(FAB)583 (MNa *) 
585(M+2Na + ) 





098 



!)^W©iSli^^f^*^Ar> K (0.1%) Mli Lt, n*<Dfe& 

V^Jfci'frAfc'grtf PH7.5 <D 0.2M h V X-* 



i^y^r- # y ^A«jn#©M*tt^^^/»'*A'AT5 k (o.i%) 



fcfc£*fi& 3/iM^^5«J;p lib. #l 5 -e# tifdt^ to v >x 

Jftj@&£ 492nm. ^3feftS 513nm, « 7 ^fe^fc-ffc^KlOV^JiJffljetft* 
504nm % 524nm "CSI^ Lfc 0 fflfeB&ZfS 5 0 fc^-T 0 - J: t> 
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2 





fevrnfo-m. (mM) 


Na* 


r 


Mg + 


m 5 <o\\&m 


0. 31 


0. 25 




M 7 <Dik£-%o 


0. 32 


0. 41 





W9 

pH & {k\zM-tZW7V&t>fltz{k&V!lb Sodium Green, 
tetra (tetramethylammonium) salt (^E- X/^r s-y—rfxi— :/#:) <E>$bfc:!&g?£>l£'ffc; 

^hy^^Ttn^c, sij^^^^/v^/v-at^ k (0.1%) 

It, 500mMOii^^M> !?A^tP^©pHO0.2M MJ J) fR^y 
77-^, ^j7T?^fetuySi'fk'g'ftK:oV^-CW:®jBjRS504nm % fMS 522nm, 
Sodium Green, tetra (tetramethylammonium) salt {JlOV^Ttil&^^S: 508nnu i£ 
533nm T'^To tc 0 ^I6@ {C^fo 

M 7 X'&lbtlltik&%S)-i pH5 #5S*T?^*!ftA^SfeS"T?&9 Sodium Green, 
tetra (tetramethylammonium) salt t it^-X pH ^fb£>J^fi£r:§:lti£< l^n—;/ 
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it 2& <d <g m 

1. ^^n-y-CfcoT, TIB©:* (I) : 




(I) 



R=\ ^t5R 3 ©m^^« 

2. R 6 ^^^©^^, dr-^^^^t Kn^5/7V36^KWt^ 
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£Jl±Ji*p-t-SI»^lXtt2|C|B^m^ci-^ 0 



(5£*K X\ X\ X\ ^X 4 fi^tum^JC7K^^ T>v*jv^ 2- 



X 2 

X 1 -N-|cH 2 -CH 2 -N|sr4cH 2 -CH 2 -N)^ 

i3 X* 



(A) 
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OS; (B) -CSftSftS j*«3S : 



9. i r:ib*©-jb!* ( i ) (sS'K R^tfR^je^tb^icTK^ 

n=f-*7rr+t*\ Xtt^nb^ MlTtls* «U< r4fiH4tt*tt«r*W£i-Sfc» 
^©-ffiOfM^U; R 4 ^R 5 H:^tb^»^7K*^Xf^n^y 

* 

(2) ±.nzfn &mj*y, xftMiicMi-^ * (i) -e«£ 
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